Location of OPGs
Optic pathway gliomas can affect the optic nerve, optic chiasm, or the retrochiasmal visual pathway. By definition, optic nerve gliomas are confined to the optic nerve and represent 24% of OPGs, whereas the remaining 76% of cases involve the optic chiasm. In patients with OCGs, the chiasm alone is affected in 6.6%, the chiasm and optic nerve are both involved in 47.2%, and the chiasm and brain (usually the hypothalamus) in 46.2%. 30 In some patients there might also be retrochiasmal (especially of the optic tract) or posterior visual pathway involvement. 56 
Clinical Symptoms and Signs in OPGs
Visual loss is the main deficit caused by OPGs. The neuroophthalmic presentation varies depending on the involvement of one or both optic nerves (unilateral or bilateral visual loss due to an optic neuropathy), the optic chiasm (bitemporal hemianopsia), or retrochiasmal pathway (hom-onymous hemianopsia). Visual loss is common in patients with OPGs and is present in 87.5% at diagnosis. 30 The extent of visual loss is variable and a patient's vision may range from 20/20 to no light perception. The majority of patients (55%) have poor visual acuity of worse than 20/ 300 in one (ONG) or both eyes (OCG or bilateral ONG). Optic pathway gliomas tend to be slow-growing tumors and as a result the diagnosis can be delayed, especially in younger children not able to articulate the visual loss. The duration of symptoms prior to the obtaining of neuroimaging studies and an eventual diagnosis of OPG is typically several months to years.
Other presenting symptoms can include diplopia or increasing proptosis and other neuroophthalmical signs in addition to the visual acuity and visual field loss, including pupillary abnormalities (such as relative afferent pupillary defect or sluggishly reactive pupils), optic disc edema (35%) or atrophy (59%), choroidal folds, proptosis, ophthalmoplegia, or nystagmus (23%), 30 and spasmus-nutanslike movements. 4 Neurological signs and symptoms may also be the result of hypothalamic involvement in patients with precocious puberty 50 and accelerated linear growth; or the result of hydrocephalus in patients with macrocephaly, headache (28%), nausea, vomiting, and diplopia. 30, 51 Leptomeningeal involvement is uncommon. 17, 22 Neuroophthalmologic surveillance of patients with OPGs is therefore recommended with age-appropriate evaluations of visual function (such as preferential looking testing, figure matching, Snellen visual acuity, formal visual field testing, color vision testing, and pupillary and dilated fundus examination). 42, 44, 46, 47 
Diagnosis of OPG
The diagnosis of OPG depends on clinical recognition of an optic nerve or chiasmal lesion followed by appropriate neuroimaging. The presence or absence of NF1 should be established. Orbital and cranial computed tomography scans of OPGs may show fusiform enlargement of the optic nerve, kinking of the optic nerve, or enlargement or enhancement of the optic nerve, chiasm, or retrochiasmal visual pathways. 43 Magnetic resonance imaging is usually superior for demonstrating these findings in OPGs and also for documenting intracranial involvement (hypothalamic and retrochiasmal involvement and hydrocephalus). In some cases there is a hemorrhagic, cystic, or exophytic (extrinsic) component to the lesion. 19 Magnetic resonance images are superior to computed tomography scans for defining the extent of intracanalicular or intracranial involvement (in the hypothalamus and along the optic tract for example) and also may be useful in the identification of other intracranial lesions suggestive of NF1. 38, 401, 45 In most cases, typical neuroimaging in the appropriate clinical presentation is sufficiently diagnostic to obviate the need for tissue confirmation via biopsy sampling, but some atypical cases still require pathological confirmation. 30, 51 Management of OPG Despite extensive literature on the subject, the best management for OPGs remains controversial. 30, 51 The major limitations for all of the studies conducted to date include incomplete or noncomparable data; combined reports from before and after the advent of MR imaging; a lack of histological diagnosis in all cases (especially after the introduction of MR imaging); lack of, short, or poor follow-up; poor documentation of the pretreatment tumor location; lack of or poor documentation of the presence or absence of NF1; small sample sizes, referral, selection, ascertainment, and recall bias; and uncontrolled retrospective data. 30, 51 Despite these limitations, some recommendations can be made. Tables 2 and 3 summarize the key management points. 30, 51 
Neuroophthalmic Management Guidelines for OPGs
In the 1994 and updated 1999 reviews of the literature on OPGs (including 1136 and 1364 cases, respectively) the overall long-term prognosis for visual function (Ͼ 11 years) was good ("stable or improved") in 78%, but poor (worsening vision) in 22%. Likewise, 80% had stable visual fields over the same period of time. 30 Unfortunately, the rate of recurrence or clinical or radiographic progression was moderately high at 38-40%, and the overall mortality rate in patients with OPGs was 30-33%. In their systematic review, Opocher et al. 64 reported two studies with multivariate analysis supporting tumor site as a prognostic factor (albeit with some methodological limitations). 42, 44 Because the major goal in managing cases of OPG is to preserve vision for as long as possible, initial observation is recommended for all patients harboring OPGs. Continued observation is generally recommended for OPGs that do not progress clinically or radiographically. In addition, some OPGs actually spontaneously regress. 55 The management of OPGs thus requires an individualized approach, but tumor location is a major factor in the decision making. 50, 57, 58 
Management of ONG
In prior literature reviews, stable or improved vision was demonstrated in 91% of ONGs that were observed rather than treated (114 cases), and recurrence or progression was seen in 21%. The tumor-related mortality rate for ONGs is low (probably Ͻ 6%) and presumably occurs from intracranial extension. 30, 51 Although there could be progression to the other eye or the optic chiasm from an ONG, many authors believe this to be a theoretical risk only. [52] [53] [54] 62 Patients with ONGs treated with either complete or partial excision and then by RT (200 reported cases) suffered vision loss as a complication. 30 Thus, surgery alone is probably counterproductive in ONG if the goal is to preserve vision. Patients with no useful vision, severe eye-threatening proptosis, or a blind, painful eye might benefit from gross-total resection. In the literature reviews, there were no tumor-related deaths in patients who underwent complete resection of the ONG, but most authors would not recommend resection in a seeing eye. 30, 51 Unlike OPGs confined to the optic nerve alone (ONGs), OCGs are not generally amenable to complete excision without incurring unacceptable complications such as bilateral visual loss. Debulking of the exophytic or cystic component of the OCG can be considered in individual cases (especially in those with rapid progression), but the indications for surgery are not well defined. 79 However, patients with OCGs or hypothalamic gliomas who develop hydrocephalus may benefit from shunt placement. As in ONGs, the general recommendation for both OCGs and hypothalamic gliomas is initial clinical and radiographic observation for evidence of progression.
Optic pathway gliomas with progressive disease can be treated with RT. 11, 12, 15, 25, 32, 34, 37, 39, 41, 49, 66, 69 However, RT may
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Neuroophthalmological management of optic pathway gliomas 3   TABLE 3 Summary of progression rates, side effects and complications of treatment, and mortality rates based on two published literature review studies*
• The progression/recurrence rate for OPGs was ~37%, combining tumors in all locations.
• The overall mortality rate was 39%, but individual mortality rates vary based on the specific OPG location. Highest rates were seen in HTGs. • The ONG progression/recurrence rate is 21.9%. Excision of an ONG can achieve a surgical "cure" w/ Ͻ1% mortality rate, but will cause complete blindness postoperatively. Excision may be considered in blind eyes w/ severe proptosis or for painful & blind eyes. • The overall estimated response rate (stabilization) to chemotherapy for progressive ONGs is 48%. In OCGs managed w/ observation alone, the progression/recurrence rate was ~ 41% & mortality rate was ~29%. The risks associated w/ chemotherapy are uncommon but not trivial and include neutropenia or thrombocytopenia. • For OCGs treated w/ RT, the progression rate was ~ 41% and mortality rate was 27%; 50% of RT-treated patients experienced radiation side effects. • In HTGs the progression & mortality rates were both ~ 46%. In patients treated w/ RT for HTG, the progression rate was ~49% & the mortality rate was ~43%.
* Summary based on the findings of Dutton, 1994, and Dutton, 1999. result in significant complications in children with OPGs, such as cerebrovascular disease, Moyamoya disease, cerebral atrophy, secondary malignancies, mental retardation, cataracts, radiation retinopathy, endocrinopathy, and radiation necrosis of the optic pathways or hypothalamus. 11, 12, 15, 32, 63 Although abnormally low intelligence or learning disabilities after RT is relatively common and may be debilitating, the development of secondary tumors after RT can be life threatening. Jenkin et al. 49 reported that 5 (10%) of 48 patients treated with RT (median follow-up period of 11 years) developed a second malignant tumor (fatal in all cases) compared with the 49 patients who did not receive RT and did not develop subsequent tumors. Sharif and associates 71 reviewed 80 NF1-related OPGs treated with and without RT. In this cohort, 9 (50%) of 18 patients with OPGs developed 12 second tumors after RT (in 308 person-years of follow-up) compared with only 8 (20%) of 40 patients who were not treated with RT who developed 9 tumors in 721 person-years of follow-up. The relative risk of a second nervous system tumor after RT was 3.04 (95% confidence interval, 1.29-7.15), and the authors concluded that there is a "significantly increased risk" of a second tumor in patients with NF1 who are treated with RT for OPGs. New and emerging RT modalities and techniques such as fractionated stereotactic RT may reduce the risks of RT but have not completely eliminated them. 23 In previous literature reviews, the visual outcome in patients with OCGs (mean follow-up of 10 years) indicated stable vision in 68% of patients who received RT compared with 81% of those who were simply observed. 30, 51 The recurrence or progression rate was 41% in both the RT-treated group and the observation group, and the mortality rate in both groups was 27%. Many authors believe that although RT may have short-term benefits in delaying OPG progression, it has little influence on final visual outcome or survival. 30, 51 Chemotherapy is useful for delaying the need for RT in progressive OPGs and has been used with variable success (67-90% stabilization). 62, 65, 67, 70 Carboplatin-based regimens such as carboplatin and vincristine have been the most commonly studied, but other regimens (with or without carboplatin) have been reported as well (Table 4 ). Chemotherapy is considered the first-line therapy advocated by many authors, and has significantly fewer associated complications than RT. The carboplatin regimens also appear to be relatively well tolerated, but neutropenia, thrombocytopenia, and allergic reactions may occur. Although chemotherapy may delay progression or stabilize visual function in patients with progressive OPGs, there remains a significant rate of progression or recurrence after chemotherapy.
Conclusions
Optic pathway gliomas are typically childhood tumors. The growth rates of OPGs are variable but unpredictable, and their management should be individualized on a caseby-case basis. Close clinical neuroophthalmic follow-up and serial radiography (preferably MR imaging of the brain) are recommended for OPGs. Observation is the recommended initial management. Typically only symptomatic and radiographically progressing OPGs require strong consideration for treatment. Although both chemotherapy and RT can decrease the size or growth of an OPG and stabilize visual loss, chemotherapy, especially in patients younger than 5 years of age, causes fewer side effects than RT and should be considered as a first-line therapy for progressive lesions. Radiation therapy can produce significant neurocognitive and endocrinological complications and carries a significant risk of secondary tumor development, especially in patients with OPGs due to NF1. 66 Tumor location defines prognosis, as ONGs have the lowest morbidity and mortality followed by OCGs and then hypothalamic glioma. The major symptom of OPG is visual loss, but the major cause of systemic complications or death is typically hypothalamic involvement (causing electrolyte abnormalities) or hydrocephalus. Resection is an option for ONG, but is generally reserved for patients with poor or no vision, patients with cosmetically unappealing severe proptosis, or for ONGs producing severe pain or exposure keratopathy in a blind eye. Resection is generally not an option for intrinsic OCGs, hypothalamic gliomas, or retrochiasmal OPGs. Extrinsic (exophytic or cystic) components can be debulked surgically, but the indications for this treatment are controversial. Future work and emerging therapies such as endoscopic techniques, brachytherapy, and stereotactic fractionated conformal RT 74 may improve our strategies for managing cases of OPG. Currently, however, the recommendation remains for case-by-case decision making. 77, 78 (14) car (8) 
